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ARTICLE INFO ABSTRACT

Article history: Background: The virulence of isolates among different Candida species causing candidemia may play
Received 25 May 2020 a role in the prognosis of the patients. Furthermore, the potential relationship between genotype and
Accepted 7 October 2020 virulence is still unclear and need to be further studied.

Available online 7 January 2021 Aims: We aim to assess the relationship between genotype and virulence in Candida species using a

Galleria mellonella larvae infection model.
Keywords: - Methods: One hundred and ninety-four isolates from 68 clusters (Candida albicans, 114/41; Candida para-
Candida albicans R . . L . . .
Candida parapsilosis psilosis, 74/24; Candida tropicalis, 6/3) were compared against the same number of each species singleton
Candida tropicalis genotypes in terms of survival of G. mellonella larvae.

Results: The median of survival and the IQR ranges of clusters and singleton were as follows: C. albicans

Genotyping
Galleria mellonella (2 days, IQR 1.5-2 vs. 2 days, IQR 1-2.25), C. parapsilosis (2 days, IQR 1.5-2.6 vs. 2 days, IQR 2-3.3), and C.
Virulence tropicalis (1 day, IQR 1-3.5 vs. 2 days, IQR 2-3.5; p < 0.05). High intra-cluster variability in terms of median
of survival was found regardless the species.
Conclusions: No relationship between genotype and virulence in Candida was observed with the G.
mellonella model.
© 2020 Asociacion Espafiola de Micologia. Published by Elsevier Espafia, S.L.U. All rights reserved.
Ausencia de relacién entre el genotipo y la virulencia en especies de Candida
RESUMEN
Palabfas Claya' Antecedentes: La virulencia de cepas de diferentes especies de Candida causantes de candidemia puede
Ca”d{da alblm"? ] jugar un papel en el prondstico de los pacientes, y su estudio en el modelo de infeccién en Galleria mel-
Candida parapsilosis lonella puede ser itil para entender su contribucién general a la infeccién. Ademas, la potencial relacién

entre genotipo y virulencia requiere de mas estudios.
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Candida tropicalis
Genotipado
Galleria mellonella
Virulencia

Objetivos: Se evalud la relacién entre genotipo y virulencia en especies de Candida mediante el modelo
de infeccién de larvas de G. mellonella.

Métodos: Se estudi6 la supervivencia de las larvas infectadas con 194 aislados incluidos en 68 clusters
(Candida albicans, 114/41; Candida parapsilosis, 74/24; Candida tropicalis, 6/3) y con el mismo nimero de

aislados con genotipos tinicos por especie.
Resultados: La mediana de supervivencia y los rangos intercuartilicos (IQR) de clusters y genotipos tGni-
cos se muestra a continuacién: C. albicans (2 dias, IQR: 1,5-2 vs. 2 dias, IQR: 1-2,25), C. parapsilosis (2
dias, IQR: 1,5-2,6 vs. 2 dias, IQR: 2-3,3), y C. tropicalis (un dia, IQR: 1-3,5 vs. 2 dias, IQR: 2-3,5; p<0,05).
Encontramos una importante variabilidad en la mediana de supervivencia entre cepas del mismo cluster,
independientemente de la especie analizada.
Conclusiones: No se encontré relacién entre el genotipo y la virulencia entre los aislados de Candida
evaluados mediante el modelo de infeccién de G. mellonella.

© 2020 Asociacion Espaiiola de Micologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos

reservados.

Candidemia is primarily caused by Candida albicans, Candida
parapsilosis, Candida glabrata, and Candida tropicalis.” The virulence
of Candida isolates, such as adherence and biofilm formation, the
ability to evade the host’s immune system, and the production of
tissue-damaging hydrolytic enzymes (proteases, phospholipases,
and haemolysins), may play a role in the prognosis of infected
patients.!%!! Galleria mellonella has become a useful model of infec-
tion for testing different pathogens as larvae are easy to handle,
are cheap, and their innate immune system resembles that of
mammals.'4 However, the relationship between genotype and vir-
ulence is mostly unknown.!8%1213 We previously showed intra-
and inter-species differences in terms of virulence among Candida
strains using a G. mellonella infection model,® and that clusters
present greater biofilm production than singleton isolates.> Here
we evaluated the potential relationship between genotype and
virulence in Candida by studying Candida cluster and singleton
genotypes using a G. mellonella model.

We studied 68 clusters of Candida species causing candidemia
in patients admitted to 16 tertiary hospitals in Spain, Denmark,
Italy and Brazil during 2014-2015. Isolates had been genotyped
previously using species-specific microsatellite markers.>* A clus-
ter was defined as an identical genotype infecting at least two
patients. Comparisons of 194 isolates from clusters (C. albicans,
n=114 isolates from 41 clusters; C. parapsilosis, n=74 isolates
from 24 clusters; C. tropicalis, n=6 isolates from 3 clusters)
and other 194 isolates with singleton genotype (one isolate per
genotype) from patients with candidemia admitted to Gregorio
Marafién hospital, were carried out. Virulence was established
by assessing the survival in the G. mellonella larvae infection
model as previously reported.® Briefly, each Candida inoculum
was adjusted to 5 x107 cells/ml (C. albicans and C. tropicalis) or
2 x108-5 x108 cells/ml (C. parapsilosis) with a Neubauer hema-
tocytometer. Each experimental group containing 10 larvae of
G. mellonella (Bichosa, Salceda de Caselas, Spain) with similar
size and weigh were infected with 10wl of each cell suspen-
sion. Ten larvae PBS-inoculated and 10 non-injected larvae were
used as controls. Larvae were incubated at 37°C, and death was
determined visually for seven days. Isolate survival curves were
generated using Kaplan-Meier method. Median survival was cal-
culated and log-rank (Mantel-Cox test) was applied to examine
the differences between the survival curves (Graph Pad Prism sta-
tistical 5.02 software, GraphPad, La Jolla, USA). The interquartile
range (IQR) of median survival was calculated per species, and
for clusters and singletons, by pooling the isolates. Isolates were
further classified as highly virulent (median survival < percentilys ),
low virulent (median survival > percentile7s) and moderately vir-
ulent (in between) according to the pooled analysis of clusters
and singleton isolates. This study was approved by the Ethics

Committee of Hospital Gregorio Marafién (CEIC-A1; study no.
201/18).

PBS control larvae and those non-injected were alive the seven
days post-infection. Overall, the pooled median survival times of
larvae infected by Candida species were the following: C. albicans
(2 days, IQR 1-2), C. tropicalis (2 days, IQR 1.13-3.13), and C. para-
psilosis (2 days, IQR 2-3). Differences in median survival between
larvae infected by cluster isolates and singletons did not reach sta-
tistical significance except for C. tropicalis (Fig. 1; p<0.05). Mean
of survival and IQR ranges of clusters and singleton were as fol-
lows: C. albicans (2 days, IQR 1.5-2 vs. 2 days, IQR 1-2.25; p>0.05),
C. parapsilosis (2 days, IQR 1.5-2.6 vs. 2 days, IQR 2-3.3; p>0.05),
and C. tropicalis (1 day, IQR 1-3.5 vs. 2 days, IQR 2-3.5; p<0.05).
High intra-cluster variability in terms of mean survival was found
regardless the species. Based on median survival data, clusters vs.
singleton isolates were classified as highly virulent [C. albicans (0%
vs. 0%), C. parapsilosis (28.4% vs. 10.8%), and C. tropicalis (50% vs.
0%)], moderately virulent [C. albicans (76% vs. 75.4%), C. parapsilosis
(48.6% vs. 64.9%), and C. tropicalis (16.7% vs. 86.3%)], and low viru-
lent [C. albicans (3.7% vs. 24.6%), C. parapsilosis (23% vs. 24.3%), and
C. tropicalis (33.3% vs. 16.7%).

This study supports previous observations of higher mortality
associated to C. albicans and C. tropicalis in comparison to C. para-
psilosis in both G. mellonella models and clinical observations.>®
Moreover, we aimed to decipher potential intra-species differences
in terms of virulence between clusters and singletons. Differences
reached statistical significance only for C. tropicalis, although the
low number of isolates due to the lower number of cases of can-
didemia caused by this species (n=12) did not allow us to reach
solid conclusions.*> We carried out a species-specific classifica-
tion of isolates based on G. mellonella mortality. Subtle differences
were observed, despite the fact that we found significantly higher
percentages of highly virulent isolates of C. parapsilosis and C. trop-
icalis in clusters compared with singletons. These observations
suggest that genotypes and mortality in G. mellonella are unre-
lated. In previous studies, contradictory conclusions were reported
when the genotype was compared with virulence factors not
related to G. mellonella mortality. Some authors found positive
correlations,5%1215 and others did no find such relationship.!”:13
One of the most studied virulence factors is biofilm formation.
C. albicans biofilm producing isolates are more aggressive than
non-biofilm producer isolates in the G. mellonella larvae model,?
although we were unable to initially support these observations
in a previous study.® Subsequently, we included genotyping in
the equation and observed a tendency of C. albicans clusters to
form more biofilm than singletons.> However, the huge intra-
cluster variability found in terms of biofilm formation,> along
with the variability in terms of mortality in G. mellonella reported



J. Diaz-Garcia et al. / Rev Iberoam Micol. 2021;38(1):9-11 11

A C .albicans B C .parapsilosis

100

—— Cluster
-+ Singleton

Percent survival
Percent survival

C C .tropicalis

100+

Cluster
ingleton

—— Cluster
-+ Singleton

Percent survival

Days Days

Fig. 1. Survival curves of G. mellonella larvae infected with C. albicans (a), C. parapsilosis (b), and C. tropicalis (c) isolates (clusters and singleton genotypes).

here, suggest notable isolate-to-isolate differences rather than a
genotype—phenotype virulence relationship. Our study is subject to
certain limitations. First, we have a heterogeneous number of iso-
lates per species. Second, since whole genome sequencing of these
isolates has not yet been performed, the variability among isolates
in clusters can be a consequence of the lack of discriminatory poten-
tial for the microsatellites. Finally, we were unable to include any
clinical data of patients and make a correlation between our in vitro
findings and patient outcome.

In conclusion, no relationship between genotype and virulence
in G. mellonella infection model was found for the three studied
Candida species, suggesting that epigenetic factors are important
determinants of virulence.
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